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Abstract. The family Heleophrynidae is restricted to Southern Africa and comprises two genera with seven species. 
Tadpoles are well adapted, with huge sucker mouths, to live in the fast flowing headwaters of mountain streams. The 
unique sucker-like mouth has numerous transverse rows of labial teeth, which are used to attach themselves to the 
rock surface and to scrape algae from the rocks. In this paper data on the ontogenetic increase of labial tooth rows in 
tadpoles of four species of ghost frog are presented. Notes on the development of tadpoles and mouthparts are also 
presented.
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Ghost frogs belong to the family Heleophrynidae, 
which consists of two genera: Hadromophryne Van Dijk 
2008 and Heleophryne Sclater 1898, containing one and 
six species respectively (Du Preez and Carruthers, 2009). 
This anuran family is endemic to South Africa, Lesotho, 
and Swaziland (Boycott, 1999). This is an evolutionarily 
distinct family, their common ancestor and the remain-
der of all the neobatrachians having split from archaeo-
batrachians around the Jurassic period (± 160 MYA: Biju 
and Bossuyt, 2003) to form a sister group to all the other 
neobatrachians (San Mauro et al., 2005; Frost et al., 2006). 
Both adults and tadpoles are well adapted to live in the 
headwaters of mountain streams, tadpoles in particular 
possessing a huge sucker-like mouth and a dorso-laterally 
flattened body to overcome the fast flowing water (Fig. 
1). This sucker-like mouth possesses numerous transverse 
rows of labial teeth, which are used to anchor the tadpole 
to the rock surface and for feeding. Tadpoles feed on algae 
growing on the surface of submerged rocks by scraping it 
off with the aid of numerous labial tooth rows (see Fig. 2; 
Rose, 1926; Boycott, 1972; Boycott and De Villiers, 1986). 
The cooler temperatures in these streams are responsi-
ble for an extended larval life stage, which can last up to 
18-24 months (Boycott, 1988; Passmore and Carruthers, 
1995; Channing, 2001; Du Preez and Carruthers, 2009). 
These highly specialised species have been trapped within 
the upper limits of specific catchments, thus leading to 
high vulnerability due to loss and degradation of natural 
habitat resulted from deforestation, fires, floods, erosion, 
damming and introduction of predatory fish. This has led 
to two species of Heleophrynidae having been classified as 
endangered (Boycott, 2004; IUCN, 2010). The situation is 
likely to be worsened by the effect of global warming on 
reduction in stream flow. The Table Mountain ghost frog 
(Heleophryne rosei) is considered Critically Endangered 
and Hewitt’s ghost frog (Heleophryne hewitti) is rated 
Endangered, while the remaining species are currently 
considered Least Concern (IUCN, 2010). 
Anuran tadpoles have very complex mouthparts. 
Especially the number, shape and size of teeth and their 
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arrangement in rows varies both interspecifically and 
ontogenetically within species (Altig and McDiarmid, 
1999), which indicates an ecomorphological adaptation 
towards the pressures of the environmental conditions 
of the specific species, as well as to exploit different parts 
of the available food sources within an ecosystem (Khan 
and Mufti, 1994; Venesky et al., 2011). Labial teeth play 
a facultative role in feeding, functioning to anchor the 
oral disc to the substrate and, in conjunction with the 
jaw sheaths, to rake material off substrate (Venesky et 
al., 2010a,b, 2011). For example, many rows of labial 
teeth may be advantageous for taxa inhabiting fast-
flowing streams where more teeth allow better anchor-
age to substrates to avoid being swept downstream (eg., 
Hadromophryne spp., Heleophryne spp., Trichobatrachus 
robustus, Conraua spp., Petropedetes spp.; Channing et 
al., 2013). Alternatively, fewer labial tooth rows may be 
advantageous for taxa living in lentic (standing water) 
habitats where they are not under selective pressures to 
anchor themselves firmly to a substrate (Venesky et al., 
2010a,b). Despite the high morphological diversity found 
in tadpoles, they are often overlooked and understudied 
relative to other consumer groups in freshwater systems. 
There is also a lack of information on interspecific and 
ontogenetic changes in oral morphology, and how differ-
ences in tadpole mouthpart arrangements across species 
correlate with selective feeding (Altig et al., 2007). 
All species of ghost frog tadpoles are character-
ised by a high number of keratinised labial tooth rows. 
The labial tooth row formula (LTRF) ranges from 4/14 
to 4/17 (upper jaw/lower jaw) in each species, with the 
first row of posterior labial tooth rows usually divided 
(Hewitt, 1913; Rose, 1950; Wager, 1965; Van Dijk, 1966; 
Du Preez and Carruthers, 2009; Channing et al., 2012). 
We follow the use of LTRF laid out in Altig and McDi-
armid (1999). Hadromophryne natalensis tadpoles differ 
from Heleophryne tadpoles by possessing a lower kerati-
nised jaw sheath (Van Dijk, 2008; Du Preez and Carru-
thers, 2009; Channing et al., 2012). Visser (1971, 1985) 
described the development of individual fang-like teeth, 
which are replaced by rows of smaller teeth at 20-22 days 
in Heleophryne tadpoles. Boycott (1988) made a personal 
observation: “The number of tooth-rows depends on the 
age of the tadpoles”. In this study, tadpoles of four species 
of ghost frogs were examined to investigate and docu-
ment the pattern of ontogenetic increase in labial tooth 
rows in Heleophrynidae in relationship to body size.
Two hundred and thirty one tadpoles of four species 
of ghost frogs were examined: Heleophryne purcelli (n = 
36), Heleophryne regis (n = 77), Heleophryne hewitti (n = 
75) and Hadromophryne natalensis (n = 43). New material 
was collected by lifting rocks in streams, with a standard 
aquarium net suspended below to catch dislodged tad-
poles. Tadpoles were euthanized with tricaine methane-
sulfonate (MS222) solution and preserved in 10% buff-
ered formalin. Voucher specimens are all hosted in the 
Port Elizabeth Museum (PEM; Appendix A), apart from 
a few tadpoles of H. hewitti that were measured, photo-
graphed and examined in the field. Tadpoles identifica-
tions are based on known distributions of respective spe-
cies (Minter et al., 2004). Body length (tip of snout to the 
anterior part of the vent) represented overall size, and was 
measured using a Mitutoyo caliper (accuracy of 0.05 mm) 
and rounded off to the nearest 0.1 mm. As the number 
Fig. 1. Dorso-lateral photo of Heleophryne hewitti tadpole in situ 
(Witte River, Baviaanskloof, Eastern Cape, South Africa)
Fig. 2. Close-up view of Heleophryne hewitti tadpole showing the 
big sucker-like mouth and numerous transverse labial tooth rows 
(grid represents 1cm x 1cm)
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of anterior labial tooth rows is constant for all four spe-
cies, only the posterior labial tooth rows with visible teeth 
were counted with the aid of a Nikon SMZ1270 dissect-
ing microscope, or a hand lens in field observations. Due 
to environmental conditions or the effect of high amphib-
ian chytrid infections in Heleophrynidae (Tarrant et al., 
2013) some labial teeth get damaged. Tadpoles belonging 
to Heleophryne and Hadromophryne cannot be accurate-
ly staged (Gosner, 1960), as the hind limb buds, used in 
standard tadpole staging, develop in a small pouch. Data 
analysis was carried out with Program R (R Development 
Core Team, 2014) and summarised in Table 1. Spearman 
rank-order correlation analysis was run with only body 
length and the number of posterior labial tooth rows.
The number of posterior labial tooth rows varied 
from 5-17. It is also noted that the posterior labial tooth 
rows can be divided into two groups: primary posterior 
labial tooth rows and secondary posterior labial tooth 
rows (Fig. 2). Primary posterior labial tooth rows are 
characterised by being well developed, evenly spaced, con-
tinuous and darkly pigmented; they ranged between 4-6 
(mainly 5) rows. Secondary posterior labial tooth rows 
varied from 1-10: small, broken, narrowly spaced rows 
that fade away posteriorly. A strong positive correlation 
existed between body length and the number of posterior 
labial tooth rows in all four species and is statistical signif-
icant (Table 1 and Fig. 3). Correlation data indicates that 
the body length explains 34-64% of the variation in num-
ber of posterior labial tooth rows. The strongest correla-
tion existed within Had. natalenis (R = 0.64; P = 0) and 
the lowest for Hel. purcelli (R = 0.34; P = 0.04). In general, 
a strong support exists to indicate that number of poste-
rior labial tooth rows increase with body size. Remaining 
variations are due to environmental factors, such as feed-
ing behaviour, food availability, flooding, and damage by 
the amphibian chytrid fungus (Smith et al., 2007).
Visser (1985) recorded a beak with fang-like teeth 
that precedes the tooth rows during the first month of 
development, though he only recorded the total length of 
tadpoles. Body length is more reliable than total length, 
as the tail could have been damaged and adds an addi-
tional unnecessary variable. His measurements thus had 
to be extrapolated to be able to include his data into this 
paper, achieved by multiplying Visser (1985) total length 
measurements with a factor of 0.38342. This factor was 
derived by dividing body length with the total length of 
the tadpoles studied in this paper, and applied to Visser’s 
data (Table 2). The shaded area in Fig. 3 represented the 
period of fang-liked teeth described by Visser (1985). 
The lack of data for specimens smaller than 7 mm 
(body length) in museum collections indicates that these 
tadpoles make use of an alternative microhabitat dur-
ing early developmental stages and thus elude capture 
by researchers. Two years of bimonthly monitoring of 
tadpole numbers in the Elandsberg Mountains failed in 
detecting tadpoles smaller than 7 mm in main currents 
(W. Conradie pers. comm.). It was also reported by Vis-
ser (1985) that early developmental tadpoles are found 
between aggregations of small rocks where they are pro-
tected from the stronger currents. Visser (1985) found 
no support that the early beak and fang-like teeth are 
used for grasping and indications are that they are sole-
ly used for feeding, however the sucker develops before 
these structures and thus fulfils the role of attachment 
from hatching to avoid getting swept away. The true 
function of this fang-like teeth needs further investiga-
tion and could fill the same function as for Leptodacty-
lon spp. tadpoles, in acting as a sieve to pick up detritus 
or preventing larger gravel/sand through (Mapouyat et 
al., 2014). Visser (1985) further hypothesised that the 
loss of the beak and fang-like teeth enables the tadpoles 
to switch between particular food sources, supported by 
the description and figure included in his paper, show-
ing a tadpole adapted for feeding on detritus. These food 
sources are expected to be mostly available in the gullies 
or slow flowing sections of mountain streams close to 
where eggs would have been deposited, thus restricting 
the developing tadpoles to these habitats for the first few 
Table 1. Summary table indicating body length, number of posterior labial tooth rows, correlation between the two characters of southern 
African Ghost frog tadpoles.
Body length (mm)






H. purcelli (n = 36) 15.6±4.07 7 to 17 0.34194 0.04437
H. regis (n = 77) 13.2±3.57 6 to 16 0.5429 0
H. hewitti (n = 75) 13.5±3.57 5 to 14 0.48837 1E-05
Hadromophryne
H. natalensis (n = 43 ) 18.8±3.26 13 to 16 0.64413 0
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months. It can’t be disregarded that a smaller suctorial 
mouth and weaker suction power will further limit small-
er tadpoles to this microhabitat. As the tadpoles develop 
additional rows of teeth, their feeding behaviour moves 
to scraping algae from rock surfaces, thus subsequently 
moving into faster flowing water as the suction ability 
of the suctorial mouth increases. With development, the 
number of labial tooth rows increases to allow for a max-
imum surface area for this feeding mechanism. In order 
to expand and enhance our knowledge of heleophrynid 
tadpoles, their ecology, especially feeding behaviour, still 
needs to be studied further.
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Appendix A
List of material examined, ‘PEM T’ refers to the tad-
pole collection of the Port Elizabeth Museum and the 
numbers in brackets refer to the number of tadpoles in 
each lot:
Heleophryne purcelli: PEM T275 (4), PEM T277 (11), 
PEM T278 (19), PEM T285 (2).
Heleophryne regis: PEM T30 (8), PEM T34 (20), PEM 
T36 (4), PEM T284 (9), PEM T286 (11), PEM T287 (2), 
PEM T288 (18), PEM T420 (5).
Heleophryne hewitti: PEM T327 (2), PEM T408 (7), 
PEM T373 (2), PEM T419 (5), PEM T694 (4), PEM T694 
(6), 49 field observations.
Hadromophryne natalensis: PEM T82 (24), PEM 
T214 (16), PEM T274 (1), PEM T301 (2).
